Abstract Selenium (Se) is an essential trace element and the clinical consequences of Se deficiency have been well-documented. Se is primarily obtained through the diet and recent studies have suggested that the level of Se in Australian foods is declining. Currently there is limited data on the Se status of the Australian population so the aim of this study was to determine the plasma concentration of Se and glutathione peroxidase (GSH-Px), a wellestablished biomarker of Se status. Furthermore, the effect of gender, age and presence of cardiovascular disease (CVD) was also examined. Blood plasma samples from healthy subjects (140 samples, mean age=54 years; range, 20-86 years) and CVD patients (112 samples, mean age=67 years; range, 40-87 years) were analysed for Se concentration and GSH-Px activity. The results revealed that the healthy Australian cohort had a mean plasma Se level of 100.2± 1.3 μg Se/L and a mean GSH-Px activity of 108.8±1.7 U/L. Although the mean value for plasma Se reached the level required for optimal GSH-Px activity (i.e. 100 µg Se/L), 47% of the healthy individuals tested fell below this level. Further evaluation revealed that certain age groups were more at risk of a lowered Se status, in particular, the oldest age group of over 81 years (females=97.6±6.1 µg Se/L; males=89.4±3.8 µg Se/L). The difference in Se status between males and females was not found to be significant. The presence of CVD did not appear to influence Se status, with the exception of the over 81 age group, which showed a trend for a further decline in Se status with disease (plasma Se, 93.5±3.6 µg Se/L for healthy versus 88.2±5.3 µg Se/L for CVD; plasma GSH-Px, 98.3±3.9 U/L for healthy versus 87.0± 6.5 U/L for CVD). These findings emphasise the importance of an adequate dietary intake of Se for the maintenance of a healthy ageing population, especially in terms of cardiovascular health.
Introduction
The importance of maintaining a healthy Se status has been well-established, with Se deficiency diseases documented in both animals and humans. Furthermore, moderate to severe Se deficiency has been associated with increased incidence of several diseases, including certain cancers [1] [2] [3] [4] and cardiovascular diseases (CVD) [5] [6] [7] . These diseases are responsible for the majority of deaths in developed countries with age being a common risk factor. Se levels have been shown to decline with age, even in healthy populations, and a lowered Se status has been linked with increased overall mortality [4, 8] . Currently the recommended daily intakes for selenium in Australia are 85 μg/day for males and 75 μg/day for females.
Food is the major source of Se and food Se concentrations are directly influenced by the level of Se in the soil from which the food was derived. Globally, soil Se levels are highly variable [8] and this is also the case within Australia (Fig. 1 ) [9] . Regions in central Queensland and Cape York Peninsula have been identified as seleniferous, whilst substantial food producing regions of south east Queensland have been identified as Se deficient. Other regions in Australia that have been identified as Se poor include the Southern, Central and Northern Tablelands of NSW, the south-east coast of Queensland, south-west Western Australia, coastal and central regions of Victoria, most of Tasmania, as well as areas of South Australia, including Kangaroo Island and Mount Lofty Ranges [9, 10] . Large areas of Australia have not yet been mapped for soil Se and it is possible that the areas at risk of Se deficiency are much greater [10] . There have been several studies on the Se status of the Australian population. The mean plasma estimate derived from these studies is 94 μg/L, however post 1990 data has indicated a mean plasma level of 89 μg/L. Given the recent evidence demonstrating declining Se content in the Australian food supply it is important that the Se status be monitored every 5-10 years. Furthermore many of the previously published studies examined a local population and not populations from across the country. In this study we have measured levels of plasma Se as well as the activity of the selenoprotein glutathione peroxidase (GSH-Px) [11, 12] in two cohorts of Australians and examined the influence of age, sex and the presence of CVD on Se status.
Materials and Methods

Study Population and Study Design
This was a simple, cross-sectional study on cardiac surgery patients and healthy controls, matched for age and gender. Blood plasma samples were collected from healthy volunteers. In all 140 plasma samples were collected, with 20 samples per age group (n=10 males and 10 females per group). The age groups were as follows: 20-30 years, 31-40 years, 41-50 years, 51-60 years, 61-70 years, 71-80 years, and 81 years and over. Blood plasma samples were also collected from patients presenting with cardiovascular disease. There were 112 plasma samples collected in total and the sample numbers per age group were as follows: 41-50 years (n=11), 51-60 years (n=29), 61-70 years (n=35), 71-80 years (n=28), and 81 years and over (n=9). Patients were excluded if they had used antioxidants within 1 month of sample collection.
Se Determination
The levels of selenium in blood plasma were analysed by inductively coupled plasma mass spectrometry (ICP-MS), as described in Tinggi [34] . The high lipid and protein levels in blood plasma were initially broken down by the addition of Triton X-100 (0.01%), to prevent spectral and matrix interferences during the ICP-MS analysis. The level of selenium in blood was analysed as Se-82 isotope, and for improved sensitivity and stability, an internal standard of germanium was used. The certified reference materials of Whole Blood Seronorm Trace Elements (SERO, Norway) and UTAK (USA) were used for quality control for the recovery of selenium.
GPx Assay
Glutathione peroxidase activity was determined by a modified method of Paglia and Valentine (1967). Activity was determined spectrophotometrically by coupling the oxidation of glutathione and nicotinamide adenine dinucleotide phosphate (NADPH) using glutathione reductase. Briefly, 900 μl of assay mix containing 0.1 M potassium phosphate (KPi) pH 7.0, 2 mM ethylenediaminetetraacetic acid (EDTA), 0.5 U/ml glutathione reductase, 10 mM glutathione and 0.3 mM reduced NADPH was placed into a Varian CARY 50 spectrophotometer set at 340 nm. Diluted tissue extracts (50 μl of 1/10 dilution) was added to the cuvette along with 50 μl of 20 mM tert-butyl hydroperoxide a suitable substrate for glutathione peroxidase. The decrease in A340 was determined over a 3-min period and rate calculations were performed using Varian Cary software. Glutathione peroxidase activity was standardised against protein concentrations and expressed as mmoles per minute per mg of protein (mmoles/min/mg).
Data Analysis
All data were analysed using either unpaired two-tailed Student t-test or one-way ANOVAs. Values represent mean±SEM unless otherwise indicated.
Results
Se Status of Healthy Australians
The mean plasma Se concentration for the healthy population 20 to 86 years (mean age= 54 years) was found to be 100.2±1.3 μg Se/L. For the same population, the mean GSH-Px activity of plasma was found to be 108.8±1.7 U/L ( Table 1) . A plasma Se level of 100 µg/L plasma is required for maximal plasma GSH-Px activity [8, 11, 13] and analysis of the study data revealed that 53% of healthy Australians tested had Se levels above this value. There was no significant difference detected between males and females for either plasma Se (p=0.26) or GSH-Px (p=0.33), however the values for the males were slightly lower than those found for females.
Se status did vary with age, as shown in Fig. 2 . The overall trend suggests a bell-curve effect, with lower Se levels seen in the youngest (20-30 years) and oldest (over 81 years) age groups, and higher Se levels seen in the middle-aged groups (41-50, 51-60 and 61-70 years). Plasma Se levels were found to be significantly lower in males over 81 years when compared to males 41-50 and males 61-70 years of age (89.4±3.6 µg Se/L for over 80 years versus 103.5±2.1 and 105.3±2.2 µg Se/L for 41-50 and 61-70 years, respectively). No significant differences were detected for Se levels between males and females within the same age groups.
Gluthathione peroxidase activity reflected the trends observed for Se status, with the lowest GSH-Px activities observed in the youngest and oldest age groups (Fig. 3) . For the males, GSH-Px activity in the 20-30 years and over 81 years of age groups were found to be significantly lower than the 61-70-year age group (121.5±5.3 U/L for the 61-70 age group versus 98.9±7.1 and 94.2±7.0 U/L for the 20-30 and over 81 years, respectively). As per the Se analysis, there were no significant differences detected between males and females within the same age groups. Blood plasma samples from patients presenting for cardiac surgery were analysed for Se levels and GSH-Px activity. The patients presenting for cardiac surgery had a mean age of 66.5 years and 68.9% were male (Table 2) . Of these patients, 12% were current smokers, whilst 13.5%
Males Females The mean plasma Se concentration for the CVD patients was found to be 99.6±1.7 μg Se/L, which was very similar to the levels observed in the healthy Australians cohort (Table 3 ). This was also the case for plasma GSH-Px activity, with a mean value of 107.9±2.2 U/L for cardiac surgery patients compared to 108.8±2.0 U/L for the healthy cohort. However, when the data for cardiac surgery patients and healthy subjects were broken down into age groups, an interesting trend was observed (Figs. 4 and 5) . Between the ages of 40-80 years, there was no difference in Se status with CVD, however over the age of 81 years, CVD was associated with a trend for a further decline in both plasma Se (93.5±3.6 µg Se/L for healthy versus 88.2±5.3 µg Se/L for CVD, p=0.21) and more so for plasma GSH-Px activity (98.3±3.9 U/L for healthy versus 87.0±6.5 U/L for CVD, p=0.06). Notably, healthy individuals in this age group also exhibited a sub-optimal Se status.
Discussion
Data on dietary Se intake and subsequent plasma Se levels in the Australian population are limited. This cross-sectional study provides a much-needed indication of the Se status of the Australian population, looking at the effects of age, sex and CVD state. However, as discussed below, it also highlights the need for more extensive testing, especially in a country as large and diverse as Australia. For the healthy Australian population analysed in this study, the mean plasma Se concentration was found to be 100.2 µg/L and the mean GSH-Px activity was found to be 108.8 U/L (Table 1) . It has previously been determined that a plasma Se concentration of 100 µg Se/L or greater is required for optimal plasma GSH-Px activity [8, 11, 14] . The values from the current study revealed that even though the mean value for plasma Se reached the level required for optimal GSH-Px activity, nearly half (47.1%) of the healthy Australians tested had plasma Se levels below the optimal level. While plasma GSH-Px activity plateaus at a concentration of 100 µg Se/L plasma, the activity of other selenoproteins, such as platelet GSH-Px [12] and selenoprotein P [15] , have been shown to increase further with increasing levels of plasma Se, although this is dependent on the form of Se ingested. Furthermore, there is mounting evidence that higher than optimum intakes of Se may confer a protective effect against certain cancers [16, 17] and CVDs [13] . It has consequently been suggested that the plasma concentration of Se currently deemed as optimum may be an underestimate and that populations may benefit from higher intakes [8, 13, 18] .
Evaluation of the effect of age on Se status in the representative cohort of healthy Australians revealed that the youngest (20-30 years) and oldest (81 years and over) age groups were most at risk of a low Se status, with mean plasma Se values falling below the optimal Se level (Figs. 2  and 3 ). An age-related decline in Se status has previously been reported [19] [20] [21] and this was not related to a decline in nutritional intake [20] . Furthermore, recent results of a 9-year longitudinal study of a healthy elderly French population with no evidence of poor nutrition revealed that low baseline plasma Se was significantly associated with higher mortality [4] . Although nutritional indices were not evaluated in the current study, it can be established that in Australia, a well-nourished and developed country, ageing was associated with a decline in Se levels and GSH-Px activity in healthy individuals. Further studies are required to assess the nutritional intake of aging Australians and how this may influence selenium status. There were no significant differences detected for plasma Se or GSH-Px between males and females, however there was a trend for males to have lower levels of Se, especially in the 81 years and over age group. It is plausible that lowered Se levels in males may be associated with the higher morbidity and mortality generally reported in elderly males [22] .
Previous reports have suggested that smoking lowers selenium status and GPx activity. In this study all our normal population was non-smokers so we can discount the effect that smoking may have had and the downward trend seen in the older population was not influenced by nicotine intake. However, in any population with cardiovascular disease a high percentage of smokers could be expected, in this study 50% of patients had previously smoked and 12% were smoking when the samples were collected. We have analysed the data after excluding the smokers and have seen a similar age-related trend in the cohort with cardiovascular disease (data not shown).
The presence of CVD did not affect Se status in patients aged 41-80 years (Figs. 4 and 5 ). However, patients aged 81 years and over presenting with CVD demonstrated lower plasma Se and GSH-Px activity compared to healthy subjects of the same age, although this was not found to be significant. While there is evidence for an aetiological role of Se in Keshan Disease and other cardiomyopathies, the results of several epidemiological studies investigating Se and CVD remain inconclusive. Studies conducted in Finland have reported an association between low serum Se levels and the progression of atherosclerosis as well as an increased risk of myocardial infarction (MI) and death from ischemic heart disease (IHD) [23] . A Danish study also demonstrated an increased risk of IHD in subjects with a serum Se level below 79 µg/L [24] . The EURAMIC study, a multi-centre study based in Europe and Israel, reported a significant association between Se and IHD, but only in the centre with the lowest Se status [25] . Conversely, no significant associations were found in studies conducted in Helsinki [26] , Norway [27] , the Netherlands [28] and the United States [29] . These inconsistent findings are most likely attributable to a biological threshold effect of Se, with significant risks observed only in seleno-deficient populations. The findings from the current Australian study are consistent with this. Age groups that were seleno-replete or of marginal Se status (41-80 years) showed no difference in Se status with CVD. However, healthy individuals over the age of 81 showed a lowered Se status, and this was further exacerbated S8in CVD patients. Furthermore, studies have shown that mortality following cardiac surgery and MI is three times higher in patients older than 70 years compared to younger age groups [30, 31] . It should be noted that low Se status is only one factor and any associations do not conclusively indicate causality. However, considering that no associations are observed in populations with high Se status, whilst significant associations are observed in populations with low to moderate Se status, it is of significant public health interest to ensure an adequate Se status for all Australians, in particular the elderly, as highlighted in this study.
In comparison to other countries, Australian Se values are considered to be moderate, being substantially higher than New Zealand (53-65 µg Se/L) [11, 32] and the United Kingdom (63 µg Se/L) [14] , whilst lower than the United States (80-167 µg Se/L) [8] . The estimated world mean is 78 µg Se/L, and it has been estimated by Combs [8] that the number of people worldwide that are at risk of Se deficiency is in the range of 500 million to one billion [8] , and this was not taking into account marginal Se deficiency. Over the past 10 to 20 years, there has been a concerning trend for declining Se levels in soil and food systems. This has been reported internationally [14] and also here in Australia [33] and is most likely attributable to more intensive cropping, use of sulphur-containing fertilisers (sulphur competes with Se) and the burning of fossil fuels leading to acid rain and soil acidification [33] .
The results of the current study demonstrate that nearly half of the healthy Australian cohort tested have marginal Se levels. This study also highlights the importance of an adequate Se status in the ageing Australian population, especially in terms of maintaining cardiovascular health. Given these findings, as well as the increasing evidence of an aetiological role for Se in several disease states, further investigations into the status of Se in the Australian population is warranted.
